An investigation of attenuation of acoustic energy Caused by gas bubbles in the surface layers has been carried out. This was done primarily to study the effect on echo integration of fish abundance when using hullmounted transducers. Two different approaches have been used. The first examines the variation of the echo intensity from an acoustically stable bottom layer and the second measures the total volume reverberation as a function of depths. The bubble density, size distribution, and the attenuation caused by the bubbles is estimated from the measurements done under different weather conditions. The results show that the acoustic attenuation caused by wind-induced gas bubbles in the surface layers appear at a lower wind force and at a greater magnitude than earlier reported and expected. The attenuation is found to increase rapidly with increasing frequency. The results are also used to find the minimum towing depths of a transducer as a function of the wind speed necessary in order to keep the attenuation due to the bubbles below a given number.
The reason for this is that they will cause excess attenuation of the transmitted and received energy when using transducers located near the surface. A way of overcoming these problems is to use a towed transducer placed under the bubble-occupied water column.
Another way is to measure the bubble density, and estimate their size distribution and the attenuation they will cause. The energy loss at transmission and reception may then be compensated for.
In adjacent waters to Norway (i.e., the North Sea, the Norwegian Sea, and the Barents Sea) acoustic surveys are carried out under weather conditions up to. wind force Beaufort '/, or 35 kn. When we observe from the echograms and the echo integrator that bubbles in the surface layer are influencing the acoustic observations, we try to correct the integrator recordings by adding a certain value determined on the basis of experience. In relation to our present requirements as to the quality of acoustic observation methods, we find this approach unsatisfactory. Consequently towed transducers are now being increasingly used, but for a long time to come hull-mounted transducers will be in use.
For these latter systems we are left with the task of measuring the bubbles and then trying to compensate for their effect on the echo sounding and integrating.
We have found that measuring bubbles in this context can be done by measuring the volume backscattered energy in the upper layers with the same echosounders and transducers as used for fish abundance observations.
Another way of getting information about the excess attenuation from bubbles in the surface layers is by having an integrator-channel working on a bottom layer of constant thickness. Assuming that the acoustic macro-characteristics of this layer undergo just minor and continuous variations within a surveyed area, greater variations of the integrator readings from this layer can be related to changes of the attenuation caused by bubbles in the water column. This will give a quantitative indication of the correction factor to be applied to the echo abundance estimate of fish in the surveyed area.
I. METHODS

A. A. simple model for echo integration
For a wide density range, 4 the intensity of an underwater signal scattered back from a collection of scatterers is proportional to the density of the scatterers. This is the basic philosophy for applying echo integration to estimating the abundance of fish stocks. The integration process is illustrated by the block diagram in Fig. 1 .
We shall now use the well-known sonar equation to describe the process. The equation is written as EL =SL-2TL-TLb+S+T+E, 
where the subscripts n,f denote nearfield and farfield, respectively. If the reverberation is due to bubbles, we can estimate the backscattering coefficient as follows:
where %(a) is the cross section of a bubble having a radius a, and n(akla is the number of bubbles per unit 
